Simple, effective, and high yield synthetic procedure for the synthesis of Schiff bases 5a-c is described. The scope of this reaction was investigated and noted that the presence of nickel(II) nitrate hexahydrate gave the corresponding Schiff bases in excellent yields. The inhibition effects of N- ((1-phenyl-3-(thiophen-2-yl
Introduction
Schiff bases are considered privileged compounds, because of their simple preparation. There are several reaction pathways to synthesis Schiff bases. The most common is an acid catalyzed condensation reaction of amine and aldehyde or ketone under refluxing conditions [1, 2] . The synthesis of new Schiff base compounds becomes widespread due to their potential application in biological, clinical, analytical and industrial in addition to their important roles in catalysis and organic synthesis [3] [4] [5] [6] [7] [8] . In the literature, several Schiff bases have reported as effective corrosion inhibitors for copper and its alloys in acidic media [9] [10] [11] . Some researches reveal that the inhibition efficiency of the investigated Schiff bases is much greater than that for corresponding amines and aldehydes [12] . Moreover, the most widely used inhibitors in the field of copper corrosion in chloride containing media are the heterogeneous organic compounds having higher basicity and electron density on the hetero atoms such as nitrogen and sulphur [13, 14] . Among these compounds, 1,2,4-triazole, its amino derivatives [15] [16] [17] [18] [19] [20] , thiophene [21] , and pyrazole [22, 23] are the most used inhibitors. These molecules normally form a very thin and persistent adsorbed film that block the active sites on the surface and thereby reduce the corrosion rate by slowing down of anodic, cathodic reaction or both [24, 25] .
In this study, we have further improved inhibition effect of 3-amino-1,2,4-triazole by preparing its Schiff bases with pyrazole-4-carbaldehydes. The synthesized Schiff base molecule,
N-((1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-5-yl)
methylene)-4H-1,2,4-triazol-3-amine (PTP), 5c, has additional π-bonds as well as a phenyl, pyrazolyl and thienyl moieties which are assumed to be active center of adsorption. Therefore, the molecule is expected to show better adsorption ability and corrosion inhibition efficiency. The inhibition studies of this Schiff base derivative were performed using potentiodynamic polarization and electrochemical impedance. The electrochemical studies of the other two derivatives, 5a and 5b, will be studied separately.
Experimental

Instrumentation
1 H and 13 C NMR spectra were recorded at 400 MHz and at 100 MHz, respectively. Chemical shits (δ) are reported in ppm, using the residual solvent peak (CDCl3 δ(H) = 7.26 and δ(C) = 77.16; DMSO-d6 δ(H) = 2.50 and δ(C) = 39.52 ppm) as internal standard. IR spectra were recorded on a Satellite 2000 spectrometer.
Scheme 1
High resolution mass spectra measurements were recorded on a Bruker Daltonicsmicro TOF spectrometer with an electrospray ionizer. Scanning electron microscopic (SEM) analyses were recorded on model ISPECT S 2006, FEI Company, Holland. Melting points were determined using Stuart electric melting point apparatus and are uncorrected. Reactions are monitored by thin-layer chromatography (TLC) on a silica gel coated aluminum sheet (Silica gel 60F254).
Synthesis of phenylhydrazone derivatives (3a-c)
Phenylhydrazine (10 mmol) in glacial acetic acid (1 mL) were added to a solution of acetyl derivatives namely, acetophenone, p-chloroacetophenone and 2-acetyl thiophene (10 mmol) in 30 mL of ethanol. Then, the reaction mixture was stirred for 3 h at room temperature. The precipitate was filtered, washed with cold ethanol and recrystallized from ethanol (Yields: 70-88%) (Scheme 1). 
Synthesis of 3-aryl-1-phenyl-1H-pyrazole-4-carbaldehyde (4a-c)
A mixture of DMF (2.58 g, 35.30 mmol) and POCl3 (5.40 g, 35.30 mmol) was cooled at 0 °C before being stirred at that temperature. A solution of phenylhydrazones 3a-c (11.76 mmol) in DMF (5 mL) was added dropwise to the reaction mixture which was then warmed at room temperature and heated at 80 °C for 10 h. After cooling at room temperature, the resulting mixture was poured onto crushed ice, neutralized with cold potassium carbonate solution and left standing overnight. The precipitate was filtered, washed with water (5 × 20 mL) and crystallized from ethanol (Scheme 1). 13 
Potentiodynamic polarization measurements
The working electrodes were prepared from commercial copper of composition (0.02 Ni, 0.004 Mn, 0.006 Zn, 0.003 Fe, 0.004 Si and Cu balance in mass %) was prepared in the form of cylindrical rod and mounted into glass tubes of appropriate diameter by epoxy resin leaving a free surface area of 0.2 cm 2 to contact the solution as the working electrode. An all glass three-electrode electrochemical cell, with large area platinum counter electrode and saturated calomel reference electrode, SCE, was served as the electrochemical cell. The working electrode was pretreated by mechanical polishing with successsive grade-emery papers up to 2000 grit, rubbing with a smooth polishing cloth, washing with triple distilled water, and then quickly transferred to the cell. All measurements were carried out instagnant, naturally aerated 0.5 M HCl solution free or containing different concentrations of the inhibitor. The potentiodynamic polarization measurements were performed using an electrochemical workstation (Voltalab 10 PGZ "All-inone" potentiostat/Galvanostat). Thepotentiodynamic experiments were conducted at a scan rate of 10 mV/s. The values of the corrosion potential, Ecorr, and corrosion current density, icorr, were extrapolated from the potentiodynamic polarization curves.
Electrochemical impedance spectroscopy measurements
The impedance measurements were performed using an electrochemical workstation (Voltalab 10 PGZ "All-inone"potentiostat/Galvanostat). The potentials were measured against and referred to the SCE (E° = 0.245 V the standard hydrogen electrode, SHE).The electrode potential was left in the electrolyte to achieve the steady state until, where the potential change did not exceed 0.1 mV/min. This potential was taken as the steady state potential, Ess. For all EIS measurements, excitation amplitude of 10 mV peak-to-peak in the frequency range from 0.1 to 10 5 Hz was used.
Results and discussion
Synthesis and characterization
Synthesis of intermediates and target compounds were accomplished according to the steps illustrated in Scheme 1.
One of the most important features of this synthetic route is the use of pyrazole-4-carbaldehydes 4a-c as a key starting material for further transformations. Compounds 4a-c were prepared in two steps. In the first step, a condensation reaction took place between acetyl derivatives 2a-c and phenyl hydrazine, 1. The resulted hydrazone derivatives, 3a-c, were treated with the Vilsmeier-Haack reagent (DMF/POCl3) leading to the corresponding 4-carboxaldehyde functionalized pyrazole ring in almost quantitative yields.
The common procedures for the preparation of Schiff bases (imines) usually need a prolonged reaction time in addition to some drawbacks were observed such as incompletion of reaction, loss of yield and purification problems. Initially, the synthesis of aldimine-type Schiff bases 5a-c was achieved by condensing stoichiometric ratios of 3-amino-4H-1,2,4-triazole with the differently substituted pyrazole-4-carbaldehydes 4a-c under reflux in an absolute ethanol and in the presence of few amounts of glacial acetic acid as a catalyst (Scheme 1). This has afforded moderate yield of Schiff bases (73-77%, Table 1 ). The obtained products 5a-c were used as TLC standard for the observation of synthesis of Schiff bases at new synthesis condition. Better conversions and therefore excellent isolated yields were observed when nickel(II) nitrate hexahydrate was used as a catalyst (Table 1 ). In our new method, Schiff base derivatives 5a-c were synthesized by the reaction between 3-amino-4H-1,2,4-triazole and various pyrazole-4-carbaldehydes 4a-c in the presence of nickel(II) nitrate hexahydrate a catalyst and at room temperature in excellent yields.
As presented in Table 1 , moderate yields (73-77%) were observed in the presence of acetic acid as a catalyst. These moderate yields may be due to the amine is mostly protonated in acidic conditions and thus cannot function properly as a nucleophile and the reaction cannot proceed completely [26] . However, by the addition of 5 mole% nickel(II)nitrate hexahydrate the reaction yields were improved (82-85%). Most significantly, the highest yields (94-98 %) were obtained when using 10 mole % of that catalyst. No significant improvement in the reaction yield was observed by increasing the amount of nickel (II) nitrate hexahydrate more than 10 mole %. An interpretation of yield enhancement is that of nickel(II) nitrate hexahydrate, Lewis acid, which might facilitate both the polarization of the carbonyl group and the removal of water molecule (Scheme 2).
The formation of an imine molecule has been proposed to proceed by a stepwise-mechanism [27] [28] [29] (Scheme 2). The first step in this reaction is an attack of nucleophilic nitrogen atom of amine on the carbonyl carbon, resulting in a normally unstable carbinolamine intermediate. At the second step, the deprotonation of the nitrogen in a carbinolamine molecule takes place, and then, the oxygen from the OH group is pushed off of the carbon by the electrons from the N-H bond. This finally results with the C=N double bond formation to yield an imine compound, with concomitant loss of a water molecule.
In the present work, a series of three new Schiff bases was synthesized and the structure of the synthesized compounds was established on the basis of IR spectra, NMR and mass spectral data. The IR spectra of compounds 5a-c showed the presence of a strong band in the region of 3126-3114 cm -1 for typical NH stretching bands. The absorption bands around 3090 cm -1 are assigned to the aromatic C-H stretch. The appearance of a medium to strong absorption band around 1600 cm -1 is due to the stretching vibration of C=N bond formation in the synthesized compounds. The proton spectral data of compounds 4a-c showed resonance around δ 10.2 ppm (s, 1H, CHO). In all the synthesized compounds, 5a-c, the above resonance disappeared and additional resonances assigned to the -CH=N-(δ 8.79-8.76 ppm) was observed, which confirmed the condensation reaction between the amino group and carbonyl group. The mass spectra showed molecular ion peak, which is in agreement with the molecular formula.
Effect of N-((1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-5-yl)methylene)-4H-1,2,4-triazol-3-amine (PTP), on corrosion behavior of copper in 0.5 M HCl solution
Potentiodynamic polarization measurements
The potentiodynamic polarization curves of the copper electrode after immersion for 1 h in 0.5 M HCl solution containing different concentrations of PTP are shown in Figure  1 . It is clear that the presence of PTP in the electrolyte decreases the current density of the Cu-electrode to large extant which can be attributed to the higher adsorption of PTP on the electrode surface. The inhibitor molecules establish their inhibition action via the adsorption on the active corrosion sites of the electrode surface. The adsorption process is affected by the chemical structures of the inhibitor, the nature and charge of the corroding surface [30] . This is a consequence of the fact that the corroding Cu surface to be inhibited is usually oxide-free, allowing the inhibitor ready access to retard the cathodic and/or the anodic electrochemical reactions. The adsorbed inhibitor molecule may not cover the entire metal surface, but occupies sites which are electrochemically active and thereby reduces the extent of anodic or cathodic reaction or both. The corrosion rate will be decreased in proportion to the extent to which the electrochemically active sites are blocked by the adsorbed inhibitor. PTP inhibits the anodic process to large extant at low concentration and its ability as an excellent corrosion inhibitor is due to the lone pair of electrons on nitrogen and sulfur atoms. The inhibition efficiency is increased as the adsorption of the inhibitor molecules is enhanced with increasing the inhibitor concentration.
The electrochemical parameters such as corrosion current density, icorr, corrosion potential, Ecorr, cathodic Tafel slopes, βc, anodic Tafel slopes, βa, and the inhibition efficiency, η %, are given in Table 2 . The inhibition efficiency for each concentration of inhibitor is calculated using Equation (1).
where, i o corr and icorr are the corrosion current densities for copper electrode in the 0.5 M HCl solutions without and with inhibitors, respectively. It is clear from Table 2 that, the addition of inhibitor affects the anodic and cathodic reaction, and therefore the inhibitor acts as amixed-type inhibitor.
Also, the addition of organic inhibitor shifted the corrosion potential to positive value.Moreover, we note that the effect of PTP on both anodic and cathodic branches is pronounced which is a further enhancement of the corrosion inhibition with increasing concentration of PTP. This allows us to state that the adsorption of PTP takes place at both cathodic and anodic sites.
It is well known that the anodic reaction of copper is the dissolution of copper due to oxidation of Cu 0 to Cu 2+ and the reaction mechanism of copper has two steps in acidic chloride solution [31] .The cathodic reaction is as follows:
According to Zhang et. al., [32] the overall reaction for copper corrosion in an acidic chloride solution is represented as:
In general, the inhibitor acted mainly as mixed-type inhibitors with a shift of Ecorrto more positive values. They all showed an inhibitive effect on anodic and cathodic reactions on copper surface.
Electrochemical impedance spectroscopy measurements, EIS
Electrochemical impedance spectroscopy (EIS) measurements were conducted to give more insight on the inhibition behavior of PTP on copper corrosion in HCl solution. Nyquist plots recorded for copper in 0.5 M HCl at open circuit potential (OCP), without and with various concentrations of the inhibitor are shown in Figure 2 . In all cases, only on the depressed capacitive semicircle has been observed, indicating that corrosion of copper in uninhibited and inhibited solutions is under charge transfer control. These semicircles are assigned to the time constant of charge-transfer and to double layer capacitance. The semicircles at high frequencies are generally associated with the relaxation of the capacitors of electrical double layers with their diameters represents the chargetransfer resistances [33, 34] . From these Nyquist plots, the values of the charge-transfer resistance, Rct, were obtained from the difference in real component, Z / , of impedance at lower frequencies. Also the double layer capacitances, Cdl, were calculated by Cdl = (2пfmaxRct). Where fmax is the frequency value at which the imaginary component, Z // , of impedance is maximum. The experimental impedance results were fitted to theoretical values according to a simple equivalent circuit model consisting of a parallel combination representing the electrode capacitance, Cdl, and the charge transfer resistance, Rct, in series with a resistor, Rs, representing the ohmic drop in the electrolyte. According to ac circuit theory, an impedance plot obtained for a given electrochemical system can be correlated to one simple equivalent circuit. The impedance data of the copper electrode in the presence of inhibitor with different concentrations were analyzed using the equivalent circuit shown in Figure 3 . From the Nyquist plots, the diameter of the semicircles increases with inhibitor concentration increasing. The calculated equivalent circuit parameters for Cu in 0.5 M HClsolution containing different concentrations are presented in Table 3 . The data reveal that the addition of the inhibitor to the HCl solution enhances the value of Rct (Cf. Table 3 and Figure 4 ) but reduces the value of Cdl. These changes in the impedance parameters increase with increasing the inhibitor concentration. The increase in the value of Rct is ascribed to the adsorption of inhibitor molecules in the active center of the copper surface [35, 36] . Such process may suggest the formation of protective film of inhibitor on the metal surface. This protective film impedes the charge-transfer across the metal/solution interface. On the other hand, the decrease in the value of Cdl could be related to a decrease in the local dielectric constant and/or an increase in the thickness of the electrical double layer, suggests that inhibitor acts by adsorption on the metal/solution interface [37, 38] . This indicates that compound behaves as a remarkably efficient inhibitor. This result is in good agreement with the results of the potentiodynamic experiments.
Scanning electron microscopic (SEM) analyses
The surface morphology of a copper sample immersed in 0.5M HCl for 10h in the absence and presence of 10 mM of PTP was studied by SEM and the experimental results are shown in Figure5, from which it can be seen that the surface copper sample before immersion seems smooth (Figure 5a ). The copper specimen in the corrosive solution without inhibitor (Figure 5b ) is strongly corroded by the medium, showing crystalline aggregates of the corrosion products on the surface and resulting in a porous and rough surface. In contrast, in the presence of the inhibitor (Figure 5c ), there is much less damage on the copper surface, which further confirms the inhibition action. Therefore, it can be concluded that the PTP possesses good inhibiting ability for copper corrosion.
Conclusions
In conclusion, we have successfully developed a general method for the synthesis in excellent yields of Schiff bases 5a-c using nickel (II) nitrate hexahydrate as a catalyst. The structures of all the title compounds have been confirmed by NMR, IR, and HRMS. The studied Schiff base, 5c, PTP, is good inhibitor and act as the mixed-type inhibitors for copper corrosion in hydrochloric acid solution. Inhibition efficiencies increase by an increase in inhibitor concentration. 
